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ANY STUDIES INDICATE
that women are less likely than men to undergo cardiac catheterization after an acute myocardial infarction (AMI). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Sex-based variations in cardiac procedure use after myocardial infarction (MI) have been documented in several settings and, in most studies, have persisted after adjustment for patient clinical characteristics, [2] [3] [4] [5] [6] [7] [8] [10] [11] [12] insurance and access to care, 1, 3, 6, 7, [10] [11] [12] and hospital, physician, and health system effects. 1, 6, 10, 12 Studies that found no sex differences in cardiac procedure use [13] [14] [15] [16] [17] [18] have primarily incorporated patients drawn from selected centers [13] [14] [15] [16] [17] [18] and nonacute settings. 13, 14, 18 Sex-based differences in cardiac catheterization use and similar variations in the management of other clinical conditions have raised the concern that sexual discrimination on the part of physicians may be responsible. 19 A recent study 20 found differences in physicians' recommendation for cardiac catheterization by patient sex, suggesting that physician behavior may contribute to sex differences in cardiac procedure use. Although sex differences in recommendation for cardiac catheterization were modest, elucidated in a simulated clinical setting, and limited solely to black women, this study 21 was widely interpreted in the popular press as evidence of physician sex bias in medical care. Limited evidence suggests that physician sex may influence patient satisfaction 22 and treatment. [23] [24] [25] However, no study, to our knowledge, has evaluated the relationship between patient sex, physician sex, and use of cardiac procedures. Thus, it is unclear whether sex disparities in cardiac catheterization use are attributable to sexual bias in clinical practice.
We examined the association of patient sex and physician sex with cardiac catheterization use after an MI by using data from the Cooperative Cardiovascular Project (CCP), a national initiative to assess the care and out-comes of Medicare beneficiaries. We hypothesized that if sex differences in procedure use were attributable to sexual discrimination on the part of physicians, such disparities would be greater when a patient and physician were of different sexes. In particular, we expected greater sex disparities in procedure use for patients treated by male physicians compared with patients treated by female physicians.
METHODS
Cooperative Cardiovascular Project
The CCP was a project sponsored by the Health Care Financing Administration (now the Centers for Medicare and Medicaid Services) and developed to improve the quality of care for Medicare beneficiaries hospitalized with AMI. 2 6 Patients in the CCP cohort (n=234769) included fee-forservice Medicare beneficiaries who had been discharged from a nongovernmental acute care hospital in the United States and had a primary discharge diagnosis of AMI 27 between January 1994 and February 1995, with the exception of AMI readmissions. Medical records for each hospitalization were forwarded to clinical data abstraction centers, and data were abstracted for each hospitalization. Data quality was ensured by trained technicians and software abstraction modules and was monitored by random record reabstraction.
We limited our analysis to patients 65 years and older who had been hospitalized with a confirmed AMI. Patients younger than 65 years (n=17593), those without clinically confirmed AMI (n=31186), or those who arrived by interhospital transfer (n=34409) were excluded from analysis. Patients with multiple admissions in the CCP sample were identified, and readmissions for AMI were excluded (n = 23 773). Patients whose records could not be linked to data obtained from the American Hospital Association (n=2363) or from the 1990 US census (n=10810) or patients for whom Medicare Part A billing data were unavailable (n=34187) were also excluded. We excluded records for which physician data were unavailable or the physician's sex was unknown (n=22222). To restrict the influence of previous invasive cardiac care on diagnostic decisions made for patients in the CCP cohort, we excluded patients who had undergone coronary artery bypass graft surgery or percutaneous transluminal coronary angioplasty (n=43143). Similarly, we excluded patients whose attending physician was a cardiothoracic surgeon, since virtually all of these patients underwent cardiac catheterization as a precursor to coronary artery bypass graft surgery (n=9577). Patients with metastatic cancer or a life expectancy of less than 6 months (n=4617) were also excluded because their treatment decisions may not have been intended for mortality reduction. Patients hospitalized in Puerto Rico (n=1519) were excluded as well to reduce sample heterogeneity. The number of patients meeting at least 1 of the exclusion criteria was 129836, leaving 104933 patients eligible for analysis. Of these, we excluded 702 patients treated at hospitals without at least 1 male patient and 1 female patient in the CCP sample; the remaining 104 231 patients constituted the study cohort.
Study Outcome
The principal outcome was use of cardiac catheterization within 60 days of admission for AMI, as determined by evaluating Medicare Part A billing records for International Classification of Diseases, Ninth Revision, Clinical Modification procedure codes associated with cardiac catheterization.
Statistical Analysis
We compared rates of cardiac catheterization between the 4 groups of patient sex-physician sex combinations: male patients treated by male physicians, male patients treated by female physicians, female patients treated by male physicians, and female patients treated by female physicians. Patients' sex was abstracted from the medical record. Physician sex data were obtained for the attending physician, defined as "the clinician who
[was] primarily and largely responsible for the care of the patient from the beginning of the hospital episode," as noted on the Medicare Part A claim. 28 The attending physician's identification number was linked with data from the American Medical Association's Physician Masterfile, 29 a validated source of physician demographic data, 30 to determine demographic characteristics.
Crude rates of cardiac catheterization were compared between each of the 4 patient sex-physician sex groups by means of a global 2 analysis. Comparisons were repeated pairwise to elucidate differences between particular patient sex-physician sex groups. Patient medical history, clinical presentation, and physician, hospital, and regional characteristics were also compared globally and pairwise across the 4 patient sex-physician sex groups by means of 2 tests and analysis of variance.
To evaluate the independent association of the patient sex-physician sex combination with use of cardiac catheterization, we performed multivariable logistic regression modeling. Models used sequentially cumulative adjustments for patient sociodemographic characteristics, medical history and clinical presentation, physician characteristics, hospital data, and other AMI therapies provided. Patient sociodemographic characteristics included race and residential ZIP code measures of median household income and percentage of population with at least a high school education, as reported in the 1990 US census. 31 Patient medical history measures were drawn from previously identified predictors of procedure use and included age, left ventricular ejection fraction, prior AMI, congestive heart failure, smoking status, hypertension, diabetes, cerebrovascular disease, peripheral vascular disease, dementia, functional status, liver disease, immunocompromised status, and the following characteristics ascertained at admission: systolic blood pressure, heart rate, Killip class, AMI location, renal dysfunction, Q-wave infarction, ST-segment elevation, microalbuminuria, and anemia. Physician characteristics included age, race, years in practice, practice type, and specialty, as reported in the American Medical Association's Physician Masterfile. Hospital data were obtained from the 1994 American Hospital Association Survey of Hospitals 32 and included level of cardiac care facilities (none, catheterization laboratory, coronary artery bypass graft surgery suite), ownership (public, not for profit, for profit), teaching status (nonteaching, affiliated with a graduate medical education program, member of the Association of American Medical Colleges' Council of Teaching Hospitals), AMI volume, rural location (location outside a metropolitan statistical area), and US census region. Finally, AMI therapies evaluated included use of reperfusion therapy (primary percutaneous coronary intervention or thrombolytic agents), aspirin, ␤-blockers, and angiotensin-converting enzyme inhibitors. Multivariable logistic regression models were used to estimate risk-adjusted predicted rates of cardiac catheterization for each of the 4 patient sexphysician sex groups. Risk-standardized rates of cardiac catheterization were derived by dividing crude rates of cardiac catheterization by risk-adjusted predicted rates of cardiac catheterization and multiplying this ratio by the full sample's crude cardiac catheterization rate (44.1%).
Analyses were repeated incorporating a patient sex-physician sex interaction term to empirically test the existence of a male physician sex bias. If a physician sex bias by male physicians were to influence cardiac catheterization use, an interaction effect for patient sex and physician sex should be observed in multivariable analysis. Analyses were also repeated evaluating the composite end point of cardiac catheterization refusal during hospitalization and cardiac catheterization within 60 days of admission to approximate the frequency of referral for cardiac catheterization and, among the cohort of patients not treated by cardiologists, to determine whether variations in referral were limited to cardiologists. Results were adjusted for clustering of patients by using HuberWhite robust estimates of SE. 33 Odds ratios were converted to risk ratios according to the method outlined by Zhang and Yu. 34 All models demonstrated appropriate discrimination and calibration. Statistical analyses were conducted with SAS statistical software, Version 6.12 (SAS Institute Inc, Cary, NC) and STATA statistical software, Version 6.0 (Stata Corp, College Station, Tex).
RESULTS
Of the 104231 patients in the study cohort, 52.0% were women. The largest group consisted of female patients treated by male physicians (50408, or 48.4%), followed by male patients treated by male physicians (46823, or 44.9%), female patients treated by female physicians (4240, or 4.1%), and male patients treated by female physicians (2760, or 2.6%). Female physicians treated 6.7% of all patients, including a greater proportion of female patients.
Clinical characteristics were generally comparable among the 4 patient sex-physician sex groups (TABLE 1), although female patients treated by female physicians were more likely to be nonwhite; to have a higher Killip class at admission; to have undergone an AMI without ST-segment elevation; to have poorer functional status, including a higher frequency of dementia, limited mobility, and incontinence; and to be admitted from a nursing home. Male patients cared for by male physicians were most likely to be treated by a cardiologist, by a white physician, or at a hospital with invasive cardiac care facilities and higher volume and were most likely to receive reperfusion therapy during their infarction.
As shown in TABLE 2, female patients had lower crude rates of cardiac catheterization compared with male patients and were less likely to undergo cardiac catheterization whether treated by male physicians or female physicians. In addition, male physicians had higher crude rates of cardiac catheterization use than female physicians, whether treating male or female patients. Consequently, male patients treated by male physicians had the highest crude rates of cardiac catheterization use among the 4 patient sexphysician sex groups (50.8%), whereas female patients treated by female physicians had the lowest rates of procedure use (34.8%). Predicted rates of cardiac catheterization were similarly lower for female patients and patients treated by female physicians. Cardiac catheterization refusal rates were similar for patients treated by either male or female physicians and slightly higher among female patients (Table 2) .
Female patients were less likely to undergo cardiac catheterization than male patients, regardless of their physician's sex, after adjustment for patient medical history and presentation, physician, hospital and geographic characteristics, and AMI therapies provided during hospitalization (TABLE 3) . By conducting multivariable analysis, we also found that patients treated by male physicians were more likely to undergo cardiac catheterization than were patients treated by female physicians, regardless of the patient's sex. As a result, even after adjustments for baseline differences, male patients treated by male physicians were most likely to undergo cardiac catheterization and female patients treated by female physicians were least likely, compared with the referent group of female patients treated by male physicians (Table 3) .
The absolute difference in riskstandardized rates of cardiac catheterization between male and female patients was 2.9% for those treated by male physicians (45.6% vs 42.7%) and 3.5% for patients treated by female physicians (44.4% vs 40.9%). This difference in risk-standardized rates (2.9% vs 3.5%) was not statistically significant, because we found no significant interaction between patient sex and physician sex when we tested this variable in the final multivariable model (P for interaction=.85). catheterization refusal or undergoing cardiac catheterization and among the cohort of patients who were not treated by cardiologists.
COMMENT
We found no evidence that sex differences in the use of cardiac catheterization after an AMI were greater when patients and physicians were of different sexes. The similarity in sex-associated disparities in cardiac catheterization between male physicians and female phy- [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] and augment a growing volume of literature that evaluates the role of physician sex and patient care. 23, 25, [35] [36] [37] [38] [39] The absence of greater disparities in procedure use when a patient and physician are of different sexes is reassuring and consistent with data indicating that physicians' interactions with patients of a different sex are similar in content and decision-making style to those with patients of the same sex. 40 Among studies that found differences in procedure use in sex-discordant pairings, these differences have been seen largely in sex-specific services such as mammography screening, 25, 35, 39 prostate examination, 39 and pelvic examination or Papanicolaou smear testing, 25, 35, 39 selected procedures that may have produced differences in use rates because of their sex-specific nature. 38 Although our data cannot preclude the possibility that physician attitudes and beliefs may still account for some of the sex-associated variation in cardiac procedure use, 41 our findings would suggest that any such attitudes are present in both male and female physicians.
The modest differences in cardiac procedure use associated with physician sex are difficult to explain. These variations remained after adjustment for patient, clinical, physician, and hospital characteristics and were not an artifact of subspecialty training, because they were also observed among noncardiologists. Although data from the ambulatory care setting have suggested that differences exist between patients who seek care from male physicians and those who seek care from female physicians, 35 it is unlikely that patients hospitalized with an acute event such as an MI would select a physician based on sex. Studies 35, 37 have identified significant physician sex differences in medical care attitudes, beliefs, and subsequent recommendations for preventive care services. Similar differences in referral for cardiac catheterization may exist between male and female physicians. Although modest in magnitude, small variations may result in significant differences in procedure use when applied to the large population of patients who experience AMIs.
Several factors may combine to explain sex differences in referral for cardiac catheterization. First, women with cardiac disease are less likely to report typical angina symptoms or report them consistently, or to have their ischemia perceived as cardiac in origin. [42] [43] [44] [45] [46] Differences in coronary disease presentation have been shown to explain sex differences in referral for cardiac catheterization in the outpatient setting. 13 However, it is unclear what effect such variation would have among patients hospitalized with a documented MI and in whom coronary disease is clearly presumed. Second, sex differences in the use of cardiac procedures may be attributable to lower income or wealth and the concomitant lack of "Medigap," or supplemental Medicare insurance among female Medicare beneficiaries. 47 Patients with fewer economic resources are less likely to undergo cardiac procedures, 48 and without supplemental coverage, women may be unable to incur the marked out-of-pocket costs associated with cardiac catheterization. Alternatively, treatment differences may be attributable to sexassociated variations in patients' willingness to undergo cardiac procedures. Although treatment differences between men and women in our analysis were unchanged when patients who refused cardiac catheterization were accounted for, more subtle sex-associated variations in preferences may still be plausible. Last, it is possible that unmeasured differences in comorbid conditions or cardiac risk factors explain the lower use of cardiac catheterization for women. However, the effect of residual confounding on cardiac catheterization rates should apply to all women, regardless of the sex of their attending physician.
Several issues should be considered when this study is interpreted. Without a definitive standard of appropriateness for cardiac catheterization, it is unclear whether variations in treatment reflect undertreatment, appropriate use, or overtreatment. However, our primary objective was to ascertain 49 The absence of data related to the indication for cardiac catheterization precluded evaluation of the severity of coronary artery disease, although it is unlikely that differences in patient coronary artery disease prevalence would explain differences in procedure use associated with physician sex. Finally, our exclusion criteria resulted in a population that included a greater proportion of female patients than the original CCP baseline, although this result was expected, given our exclusion of patients younger than 65 years and those who had undergone revascularization. Nevertheless, we believe that these exclusions were appropriate, given our study's purpose.
Our results suggest that sexual discrimination, principally by male physicians toward women, does not explain sex-associated disparities in cardiac catheterization use after an AMI. However, other attitudes common to both male and female physicians may contribute to lower rates of cardiac procedure use in women. The content of this article does not necessarily reflect the views or policies of the US Department of Health and Human Services, nor does mention of trade names, commercial products, or organizations imply endorsement by the US government. The authors assume full responsibility for the accuracy and completeness of the ideas presented. This article is a direct result of the Health Care Quality Improvement Project initiated by the Health Care Financing Administration, which has encouraged identification of quality improvement projects derived from analysis of patterns of care and therefore required no special funding on the part of the contractor.
